in a monumental monograph, reported the results of dissection of 848 adult human hearts from which he had removed the epicardial soft tissues and then separately weighed the ventricular free walls and the interventricular septum. Seven hundred thirty-six of these hearts were considered normal, and the average values for individual chambers and chamber ratios appear in Electrocardiographic correlations will be considered in subsequent communications.
I N 1883 Muller,1 in a monumental monograph, reported the results of dissection of 848 adult human hearts from which he had removed the epicardial soft tissues and then separately weighed the ventricular free walls and the interventricular septum. Seven hundred thirty-six of these hearts were considered normal, and the average values for individual chambers and chamber ratios appear in Electrocardiographic correlations will be considered in subsequent communications.
Methods

Heart
The dissection technique utilized was similar, though not identical to that described by Muller,l Lewis,2 and Fulton and associates.5 The initial fresh weight of the heart was determined, and the heart was then partially fixed in formalin for 24 to 48 hours to facilitate dissection of nonmuscular tissues from the epicardial surfaces of all chambers. Following the dissection the fig. 1 ). The right ventricular free wall was separated from the septum in a plane which represented a continuation of the anteroposterior arc described by the surface of the right side of the septum. The left ventricular free wall was separated from the septum by a cut which extended from the point of severance of the right ventricular free wall to the left ventricular endocardial surface forming a right angle between the plane of the cut and the endocardial surface. The papillary muscles were included in the free wall Figure 1 Method utilized for separation of the ventricular free walls (RV and LV) from the interventricular septum (S).
segment. The segments comprising the free wall of the right ventricle, the free wall of the left ventricle, and the interventricular septum were then weighed separately.
During the dissection the specimen was moistened frequently to prevent drying and consequent loss of weight. The weight of postmortem clots encountered during the dissection was subtracted from the initial weights.
Body Type
The body height and weight measured at the time of death had been recorded in all necropsy records. The abdominal panniculus adiposis had also been measured in most cases. Body type was quantitated by calculation of the ponderal index (PI)9 from the weight-height data.
(PI height/3V weight.) Correlation of the PI with the subjective statement of the prosector pertaining to physique and the thickness of the abdominal fat pad was of high order. tween body height and cardiac weight in nonemaciated individuals described by Zeek.11 An investigation of the hypothesis that the specific gravity of the human body, reflecting the relative proportion of muscle, fat, and bone may better correlate with cardiac muscle mass than height or weight alone is currently under way at this institution.
Exclusions
Thirty-six additional hearts were excluded from the normal series of 100 solely on the basis of evidence of a coexistent cardiovascular disorder; in all of these cases values for both ventricular mass and ventricular ratios fell within the normal range. Hypertension of variable degree had been present during life in 20 of these cases. Hypertension of up to 2 years' duration has been observed in 13. In one woman the persistence of moderate hypertension, both during and between pregnancies, was well documented over a 29-year period. In another instance labile or intermittent hypertension had been observed for several years before death. In three cases hypertension was first observed at the time of the terminal admission, and in two cases adequate history was not available for review. The LV + S/RV ratio in these 20 patients with hypertension ranged from 2.35 to 3.59, similar to the over-all range in normal cases. The average of 2.86 is, howev7er, somewhat higher than that observed among 100 hearts from normotensive individuals (2.68) suggesting the presence of a subtle increase of left ventricular mass. This is corroborated by the increase of mean weight of LV +S among these cases (table 2). Several of these cases represent instances of the left ventricle coping with systemic hypertension for considerable time before detectable hypertrophy occurs. In most, hypertension seems to have been of the unsustained or intermittent variety. At the time of the last hospital admission, blood pressure observations ranged between 150/90 and 220/110 in this group. These hearts were classified as anatomically normal, but for the purpose of later electrocardiographic correlation they will be separately considered.
In 17 patients with severe coronary artery disease (hypertension coexisted in one), the individual chamber weights and the chamber ratios were normal. Twelve of these hearts exhibited myocardial infarction of varying age and extent; these constituted a small minority of the 70 infarctions encountered, the greater number appearing in hypertrophied hearts. The normality of five hearts with severe coronary artery disease was interpreted as indicating the lack of a relationship between coronary artery disease and cardiac hypertrophy in the absence of myocardial infarction or systemic hypertension. The 12 hearts with myocardial infarction which were neither normal nor hypertrophied will be considered separately in the electrocardiographic correlation as will the 58 in which myocardial infarction coexisted with ventricular hypertrophy.
Epicardial Fat and Fatty Infiltration
The mean weights of the epicardial soft tissues ( In five hearts in which the LV + S/RV ratio exceeded 3.6, there was no apparent explanation for the left-sided preponderance. None of these five presented a problem in categorization because of borderline ventricular mass or ratios; that is, they were clear examples of isolated left ventricular hypertrophy. The possibility that hypertension may have existed among these individuals prior to the terminal admission could be reasonably excluded in only one case. In two instances there was a history of labile or intermittent hypertension. One of these exhibited severe coronary artery disease but no myocardial fibrosis. In the remaining two no records pertaining to the period prior to the terminal admission were available for review.
Left Ventricular Preponderance in Small Heart
The concept of "small heart-left ventricular hypertrophy" was introduced by Reiner and associates8 to categorize those hearts in which an abnormally high LV/ RV ratio coexisted with a left ventricular weight which fell below maximum normal value. In order to test the soundness of this concept, we have examined the clinical and necropsy records of patients with this type of left ventricular predominance for evidence of related preexisting cardiovascular disease. In nineteen of the 38 individuals with an LV + S/RV ratio between 3.6 and 4.9 but with ventricular Circulation, Volume XXXIII, April 1966 weights in the normal range, the blood pressure at the time of the last hospital admission was greater than 140/90; preexisting hypertension was well documented in 10 of these 19. Healed rheumatic valvulitis had resulted in mitral insufficiency in two cases and aortic stenosis in one case. Blood pressure was normal at the terminal admission in 16 individuals including six with healed myocardial infarctions and two in terminal renal failure, but adequate history was not available to rule out preexisting hypertension in any of them. The finding of presumptive evidence of left ventricular overload in 22 of the 38 cases with left ventricular predominance supports the proposal that these hearts are probably abnormal. In view of the correlation between cardiac muscle mass and sex, it is pertinent that 25 of the 38 instances of small heart-left ventricular preponderance were in women. Females would in the absence of cardiovascular disease be expected to have hearts in the lower portion of the normal range. Isolated ventricular hypertrophy may occur in such hearts without their exceeding normal chamber weight limits and may be reflected only in the disturbance of the LV + S/RV ratio. It is of interest that slight cardiomegaly, according to the criteria of either Zeek" or Smith12, was detectable prior to epicardial dissection in the majority of these cases.
Right Ventricular Hypertrophy
Forty-four of 45 cases with an LV + S/RV ratio less than 2.1 exhibited evidence of chronic right heart overload. Increase of right ventricular mass above the maximum normal (75 g) was observed in only 25 of these cases; in 20 the disturbance in ratio alone indicated the presence of right ventricular hypertrophy (RVH). In four of the latter cases (two of pulmonary neoplasm and two of active pulmonary tuberculosis) the ratio disturbance also may have reflected an element of the left ventricular atrophy. In general, the severity of the underlying pulmonary parenchymal or vascular disturbance correlated more closely with the degree of abnormality of the LV + S/RV ratio than with the Circulation, Volume XXXIII, April 1966 right ventricular mass. Pulmonary emphysema was present in 29 cases and in nine was accompanied by evidence of one or more episodes of pulmonary embolism. Repeated pulmonary embolization had occurred in three cases in which the parenchyma was not significantly altered. Pulmonary fibrosis including tuberculosis (six cases), mitral stenosis (three cases), extensive pulmonary neoplasm (two cases) and congenital cystic lung disease (one case) comprise the spectrum of lung disease observed in the other instances. In one case, although the free wall right ventricular weight of 90 g was distinctly abnormal, there was no evidence of pulmonary parenchymal or vascular disease. Despite the great size of this individual (75 inches, 170 pounds) we do not consider that the weight of the right ventricle, even among persons of great stature, normally extends beyond 75 g. Among these cases the etiology of left ventricular enlargement was systemic hypertension in 31 instances, valvular lesions affecting either the aortic or mitral valve in 12 instances, and eccentric hypertrophy associated with extensive myocardial infarction in three instances. In nine patients with CVH the etiology of cardiac enlargement and failure was obscure. These hearts were considered examples of idiopathic myocardiopathy. It On the basis of these considerations the following classification of hearts was adopted for utilization in subsequent electrocardiographic correlation studies:
Groutp I (Normal). All cases with an LV + S/RV ratio between 2.1 and 3.6 in which LV + S and RV weight in grams did not exceed 175 and 65, respectively. Among individuals greater than 70 inches in height maxima for LV + S and RV were extended to 200 g and 75 g, respectively.
Group II (Pure LVH). All cases in which the weight of LV + S exceeded 200 g, in which the LV + S/RV ratio was greater than 3.6 and in which the weight of the free right ventricular wall was less than 75 g.
Group III (Left Ventricular Preponderance in Small Heart). All hearts in which individual chamber weights were within the normal range but in which the LV + S/RV ratio exceeded 3.6 (as in pure LVH).
Group IV (Pure RVH). All cases in which the weight of the free wall of the right ventricle exceeded 75 g and in which the LV + S/RV ratio was less than 2.1.
Group V (Right Ventricular Preponderance in Small Heart). All hearts in which chamber weights were within the normal range but in which the LV+ S/RV ratio was less than 2.1 (as in pure RVHI).
Group VI (Combined Hypertrophy, WellEstablished). All hearts with LV + S greater than 220 g and RV greater than 75 g.
Group VII (Combined Hypertrophy, Mild). All hearts with LV + S between 175 and 220 g and RV greater than 60 g and evidence of biatrial hypertrophy in individuals less than 70 inches in height.
Circulation, Volume XXXIII, April 1966 Discussion A major purpose of a detailed classification such as this is to allow characterization of mild degrees of cardiac hypertrophy not readily recognized during routine necropsy evaluation. The recognition of such cases is difficult principally because of the considerable overlap which exists between the broad spectrum of normal cardiac mass and the anatomic changes of early cardiac hypertrophy. The data amply illustrate the puzzling variability of myocardial hypertrophy in response to stress, as well as the difficulty of quantitatively evaluating stress in human patients. These factors are all recognized pitfalls in any attempt to categorize each of a large number of hearts.
Although 
